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Abstract

A prototype of cb 211Saocola.ctor syeta MS con-
structed to produce em iateusadc h- of protoue ●t
enugiee up to 200 kaV. U8iaM● Piaa -try
●ccsler~ting syeta, s 230-A dc b- of hydrogen he
was mxtractod ●t Q enuw of 125 keV f- m -uhe
duopl~tron. Of this bum, 100 A Of @ imc wzo
t?aported iOtO 8 l-~dim S~mOdC j@ t=~t ,

with becketwedng ge8 dnimiud by dif femnticl
roping. Bc?h tti jat ter~t mad tlm differmtaal
ptapiag syeca ttmcticncd #xti@factorily. MO ●betai-
:isl iacreuo in beoketreuiag of the ni tm~ jet get
occurred for ● bem powr ●quimlmc co 1S0 W of
tritom onto deuterim.

Introduction

the 2218prototype wee ● f uL1 scsle wdcl of meet
of ttn major mbcyet~ of tln 2MS ●coderetor md

““““-tirtet syctem 1.1-A ioo source, ●ecelerating cols,
differential ~iag syeta, end mpermaic jet
texget. Tlm prototype wee &si~ to ulthetely
produte ad treueport s 1-A & k of 200-keV protooe
iato a jet t=get of l-a dfaeter. Aftm tb first
year of dcvelo~ent ● MO-d dc beem of 12S-keV
ptotmix we treoeportod throu~ tlm tergct ●perture.

The proM:ypQ wu tuted ueins ● aitrogm ~e
target boomee only 7 W of b-m parer ioto the aitro-
s911 jet would yi81d nearly identioel hydrodynamic con-
dition em wuLd hem ruulted fra the dcpositiooof
300 W into a dxuteriw jet ueinc ● l-A, 300-keV
tritoa be=. ‘h pert!omeme of tk jet tsrgct with
3. S W of beam pouer &poeitad, ●s w1l so the per-
formance of tti other subsy~tas, i. s~erixed bela.

?tototype Confi~retioo

Tln hi@ volta~ to the teat steadwax provided by
& 200 W, z A power ●pply, with ● 2-M (40-kJ) output
fil tU Cepacitar. Spukdown protection wu provided
by ● l-kfl series resittor ad a tri~red sperk-~p
crixber with a O-pm discher~ tin.

The duoplaaetron iaI source cad u six-electrode
●ccalereting coiun were mounted inside s 2-mDloog by
2-m-dk vecItw tank, es cbwn in ?is. 1. Powu for
the ion @ou?ce c-e through the hi~ voltage f~edthru
fmm en isolated-equipent-~e/ isolatiat tranof ormer
coxbinetioo. This 2W-kV feedthru vu praded by the
●dj ecent corona tube.

The beem trenoport system consisted of co ●lectron
trap ●nd three foct,u solenoids with ●lectrical centers
loceted 1(J, 48, 238, ●nd 368 cm from the gromd ●lac-
trode of the ecceleratint colmn. The ●lectron trap
is dapicted in Fig. 2. The solenoids !mr@ 36.8-cm
long with a 12.7 -ca-di_ ●putu;e with fields renaing
frox 3-6 ko.

T% supersonic jet wu dosipned to produce ●

nitrosen ~em iarz~t 1 cm in dimeter with ● density
sufficient to -top the beta in 1 CM. The lerp@ -OUIC
of h~et Aepositad in the jet by the bem would then t~
cerried ewey by the @uperioni.c ~aa
The beex and the jet gea flow were
directional, Durin8 the tests the

~ork per fomed umbr the ●uspicoc

flow in tks jet.
coexiel ●nd co-
plen~ pressure for

of u. s. DOE.

Pi~. I. Prototype 200-kV ●ccelerator showins
●ccelerating col~, ion source, end high-volts~
feedthrw in w:- tatk.

the jet terget wes varied between 400 to 600 psi. TM
heated nitrogen @e wcc ●xhcumod to the ●~phere.

108 Source

The ennula-ion-souroe denigo wee beeed 00 n con-
cept &ocribed by Becherer ●t all AO operatin~
lifetime requfraent of -2000 hours indicated tho need
for ● ler~erea well-cooled ion oource. Early bench
tests on this courea shoued thet Lifeckee greeter
then 700 hours couLd M ●chieved with ‘m oxide-coated
nickel-gauzo filment. A dc be- of ●.’e then 2.5 A
of poeitive-ion current wes produced with a hydrogen
gu flw of 0,65 torr 1/s. Len~ui~probe dsta showd
●n ●pparent ●lectron tapetature of ebout 4 ●V.

The rether unique structure of the ●nnular duo-
plumtrcm led to seriouc fabrication problemo. TO
s~plffy us-bled puts, mee’.lned pert- OF 6teel ●nd
coppa were ●lectron-beam welded togethor, I%. pres-
●nce of voids in the copper ●ventually cewed ●n
intemittont water leak into the ●rc cheaber. Thio
leak warn the limiting factor in prawnting th~ con-
tinued u~ud ocel~ng of totel ●xtracted ion currents.

Ion-species-retio meesuremento indicated thet the
H+ ion current noraelly ●ccountod fot 70-85% of tha
totel bea current. Transport of ● hi~ perc~ntege of
ion current into the jet target wes limited by ●n
●pperent high eaicteiico. The source of thio high
●mittance wcs never identified, but it h awpected
~het the rediel-arc guacetry of the ion eource wu
Lsrgely retpousiblep contributing ● much as 20 eV of
trensveree mergy to the ion motion.

Acceleretins COIUMI

The ●ccnlermting colimn (Fig, 2) cnnaisted of nix
titaii~ accelerating ●lectrodes hold by t volte@e-
grtded support box that ●lao providad cmtilevar
support for the 340-k~ ion source, At 200-kV operet-
inc volt.a~, ● 10-mA voltege dividar provided voltageo
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rig. 2. ,lccaltratin# colma ad Lorl 80USCC.

of 50, 100, cad 150 kV to tti titcnitmghctrodas
Chrot@ tha cmmr of tlmo of elm box support posts.
The cxtr~ctor olcctrodc obtairmd ● @oxincl 175-kV
potontial throu@ tha fourth post fna ● nc~tivc 0 to
WkV pOWCCCUp@~ iU th 200-kV eqwi~clt ~.

Tha ●l@etrodas -r. Pierce cbeip with bacm di~
●tar d~t-ncd by ● 6. 35-a-2D ●xtractioa Ma at chc
ion courtc and ● vatar-coolad 8-a-ID mauler rfn8
●ttach~d to the●xik d~ctrodc. The ●l@6tron trap wcc
biasad zt -2.5 kV to r~duc~ clactron htctitraning.

Accolorator V*cuwm Syctm

Tha •ccelaa~or vacuum syata utilizsd ● 41-a
10 000-1/s oil diffusion pq using polyphcnyl •th~r
fluid. A41-a rcfrigaracad vxlvdtr~p was motcttad
directly ovw tln ptEF. Diffusion pmp backing ●nd
tank rough down were handled by ● blwor cud mechm-
ical ptmp. Thora wor~ 00 hi@-volttga broukdowa
~~rO:CICC cau$ad by backs tr~xxia~ diffwion -p

. Furth*moro, no prdymarixatioa of the fluid
WM obsorvcd from pumping tha atcdt-hydro~n-cpacios
●s is uauclly obsarvod frm ●tomic ba- sourc~
diuaociators.

Difformtial Pu~ing System

Tha dtffarcntial pmping systax, shown in Fig. 3,
was USOL fox ●fficient ptmpinc of tha gco that flowd
brick frtm tha sas ?artec into tha mmcuctcd ba-
lino. To minimim borne scattcrfng, CIXIprusuca mwt
t~ kapt ● low ●s ponsiblo ri$tt up co the gts tsr
g*t . This was accompli$had @ US@ Of 1800-1/@ Roots
blowora on Stagas 1 ●nd 2, ● 9000-1/s turb-olecular
pump on Sts~c 3, ●nd ● 18 000-1/. oil diffuoion -p
on St~~ 4. Furthr.r ●nhancaanc wax obtainad by tha
topiratinc ●ction of the coaxial jat and by IMO of ●

skhor in Sta~ 1,

Tha ●pcrtum si,g~s and tlmir Iocatiom am shown
inFigo 3. Tablo Z Liststtm bo-lina prasoura ●
●ach stqw and the corraspondint backflow rat. of
n~trqcn fra tha j-t *arg@t with tha hm both ,m tnd
off.

bg-trcaaoort

hpi?icdly ● ba- Of hydro~ iOM of OPtimm
quality was producad wban 250 CA of 12S-kcV iow -m
@xtrsctad fra the ioo source plaa cup whilo uain~ ●

6.35-~di_ ●tractian iris. For theta conditiooa
tb coimwxa oparatiag at 602 of the Picrc~dccign
currant . ‘l?tic bxhcvior of tti Coltml was later cor-
roborated by using tha caputcr PCOXC= S-,2 which
wcc mod to Wd@l cad study tha ●xtrsctioa dyaaics.

Tha baa profil~ im th csiticsl rqioo of the
difforantial p-ping systa cd jQ8 tcrgct io ●hewn in
Fig. 3. Por this ptmpin~tyctax gcoutry ●nd with no
sao flw in tho j~t, 100 FA of 125-koV protooa waro
transported into the jot,which corrcapondad to 95X of
the proton bo-mmmrad in Cup 1.

Cmpcriaoua of b~ax profilaa, m~asurcd ●nd calcu-
lated, indicatad a nearly camplota spcca-charga
nautrali8ation ●xc~pt for tfw al~ctron-tr~p ragion
where it avaragad 80%.

Littla pmmr (-3.5 kW) waa dolivarad into tht
flmtins nitro@n gaa jat bocmao naarly 70% of tha
proton bacxwaa connrtcd to nautrsla in the laat
aolouoid. Using hydrngma rathm thm nitrogen gaa
would raduce cm charga-axchan~ croaa s~ction by e
factor of ton.

The bccx ionimd tha rcaiducl gaa xn tho tranaport
●ystax fodng ● mini-plana. This conduccin~ plaama
rOndarod ●lcctrical Mcalluramanta of becm loaaefi
rncanf.ncloac; calorimetric rnaaauramants wsro raquired.

Jot T~rKQt

Tho jat toata wora doaigntd to study tha beax-
Mating ●ff~ct of tha jgt gaa flow on tho gas bac@-
$traamfns frm tho jst intothe bau tranaport
ayata9. Theoretical concidarationt indicata th6:
broakdovn of tlw j~t flw occurs for ● f factor
approaching unity. (Tim f factor La dafinad to b~ cha
ratio of C1’mheat dapoaitmd in tha j~t to tha k~natic
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